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For the maternal samples (by the LABOCEA Institute, in 2008)
For this project, we developed a fully automated method for the determination of urinary metabolites of several pesticides simultaneously (triazines, organosphosphates, carbamates, and chloroacetanilides): automated online sample clean-up by solid-phase extraction/liquid chromatography-electrospray ionization tandem mass spectrometry detection offers cleaner and faster sample preparation and analysis, without either matrix signal suppression or peak broadening.
Reagents and chemicals
Reference standards were purchased from Dr. Ehrenstörfer and from Promochem. LC-MS-grade acetonitrile and methanol were purchased from Fisher (>99%). Analytical grade formic acid was bought from Baker (98%). Nitrogen and argon were purchased from Air Liquide at a minimum purity >99%.
Preparation of standard solutions
The standards solutions of each DAP were prepared in methanol. The internal standards were Di-nbutylphosphate and diuron D6 prepared in methanol. All standards and stock solutions were stored at -20 °C until use. Calibration standards were prepared by adding appropriate working standard solutions to 10 mL fresh sample of DAP-free human urine before extraction to obtain concentrations in the range of calibration.
Sample preparation and extraction procedure
After the urine samples were thawed and shaken, the supernatant was analyzed. The samples (5 mL) were preconcentrated by an automated sample preparation system for high sample volume. The online SPE high volume Symbiosis System (Spark Holland, Netherland) is composed of two units: an automatic cartridge exchange (ACE) module, which hold two trays with up to 96 cartridges, and a high pressure dispenser (HPD) module. The ACE unit is equipped with two clamps and two high-pressure valves. While one cartridge is eluting on the right clamp, the next one is being preconditioned in the left clamp.
The Hysphere C18 HD (2×10 mm) was chosen because it yields the best recovery and retention and the most satisfactory peak shape for the largest number of pesticides. The analytes trapped in the cartridges were eluted with the chromatographic mobile phase.
Chromatographic conditions
Chromatographic separation was performed with a reversed phase Synergi fusion-RP analytical column (250 mm × 2.0 mm, 4 µm particle diameter). The mobile phase was a gradient of a mixture of 5 mM ammonium formiate-0.01% formic acid and acetonitrile 0.01% formic acid. The flow rate was 0.2 mL/min. The chromatographic analysis was performed at 35°C.
Mass spectrometry
LC-MS-MS analyses were performed with a system comprising a Waters alliance 2690 LC pump equipped with an autosampler and connected in series with a Quattro Ultima triple-quadrupole mass spectrometer from Micromass ® , UK. The mass spectrometer was equipped with electropray ionization (ESI). Acquisition was performed in the multiple reaction monitoring (MRM) mode, monitoring two transitions per compound (one for quantification and one for confirmation) in positive ionization mode.
Validation study
All validation procedures were performed with fresh samples of triazine-free human urine. The limit of detection (LOD) was defined as the lowest concentration that the analytical process can reliably differentiate from background levels; it was obtained when the signal was three times the background noise in the chromatograph at the lowest analyte concentration assayed. For the limit of quantification (LOQ), the signal must be ten times the background noise. Based on the characterized ion ratio (one quantitative and one confirmation) of each compound, intra-assay precision and accuracy were assessed at 3 levels in the range LOQ-10 µg/L. If the sample was out this range, it was diluted to be in the range of calibration. In all, five replicate quality control samples of each of the three levels of concentrations were analyzed.
The calibration curves showed good linearity with a correlation coefficient >0.990. The method is precise (CV%≤20%) and accurate. Analytical characteristics resulting from the validation of the method are reported in the table below. This project used a fully automated method for simultaneous determination of urinary metabolites of pesticides: automated online sample clean-up by solid-phase extraction/Ultra performance liquid chromatography-electrospray ionization tandem mass spectrometry.
Reagents and chemicals
Reference standards were purchased from Dr. Ehrenstörfer and from Cerilliant. LC-MS grade acetonitrile and methanol were purchased from Fisher (>99%). Analytical grade formic acid was bought from Fisher (99%). Nitrogen and argon were purchased from Air Liquide at a minimum purity >99%.
Preparation of standard solutions
The standard solutions of each DAP were prepared in methanol. The internal standards, Diehylpthiophosphate D10 and dimethylthiophosphate D6, were prepared in methanol. All standards and stock solutions were stored at -20 °C until use. Calibration standards were prepared by adding appropriate working standard solutions to 10 mL fresh sample of DAP-free human urine before extraction to obtain concentrations in the range of calibration.
Sample preparation and extraction procedure
After the urine samples were thawed, shaken, and centrifuged, the supernatant was analyzed. The samples (1 mL) were preconcentrated by an automated sample preparation system. The online SPE is a Waters 2777C sample manager. Waters Oasis HLB Direct Connect cartridge (2.1 × 30 mm) was chosen because it yields the best recovery and retention as well as satisfactory peak shape for these metabolites. The analytes trapped in the cartridges were eluted with the chromatographic mobile phase.
Chromatographic conditions
Chromatographic separation was performed with a reversed phase Waters BEH C18 analytical column (150 mm × 2.1 mm, 1.7 µm particle diameter). The mobile phase was a gradient of a mixture of 0.05% formic acid and acetonitrile 0.05% formic acid. The flow rate was 0.3 mL/min. The chromatographic analysis was performed at 40°C.
Mass spectrometry
LC-MS-MS analyses were performed with a system comprising a Waters Acquity UPLC Binary and a Quaternary pump, connected in series with a Xevo TQ-S triple-quadrupole mass spectrometer from Waters. The mass spectrometer was equipped with electropray ionization (ESI). Acquisition was performed in the multiple reaction monitoring (MRM) mode, monitoring two transitions per compound (one for quantification and one for confirmation) in positive ionization mode.
Validation study
All validation procedures were performed with fresh samples of triazine free human urine. The limit of detection (LOD), defined as the lowest concentration that the analytical process can reliably differentiate from background levels, was obtained when the signal was three times the background noise in the chromatograph at the lowest analyte concentration assayed. For the limit of quantification (LOQ), the signal must be ten times the background noise. Based on the characterized ion ratio (one quantitative and one confirmation) of each compound, the intra-assay precision and accuracy were assessed at 3 levels in the range LOQ-15 µg/L. Samples out of this range were diluted to be in the range of calibration. A quality-control blank (mix of pesticide-free urine) and a quality control sample for each of the three concentration levels in the range of calibration were included every 10 samples. The calibration curve at the LOQ level was verified every 20 samples.
The calibration curves showed good linearity with a correlation coefficient >0.997. The method is precise (CV%≤20%) and accurate. Analytical characteristics resulting from the validation of the method are reported in the table below. Urinary concentrations during pregnancy and during childhood were included simultaneously in the models.
The nonlinear component contribution was not tested in these models. The coefficients from linear models of the log-transformed exposures were thus not reported. All models were adjusted for creatinine levels of mother and child. Urinary concentrations during pregnancy and during childhood were included simultaneously in the models.
The nonlinear component contribution was not tested in these models. The coefficients from linear models of the log-transformed exposures were thus not reported. All models were adjusted for HOME score, breastfeeding duration, mothers' IQ, school, maternal education level, psychologist testing the child, creatinine levels of mother and child, parity, and season of urine collection.
a DAP models also adjusted for: maternal alcohol use at inclusion, and disturbances during testing b DM models also adjusted for: maternal alcohol use at inclusion, disturbances during testing, marital status, maternal fruit and vegetable consumption, maternal fish intake, and child's sex.
c DE models also adjusted for: marital status, maternal fish intake, and child's sex. Urinary concentrations during pregnancy and during childhood were included simultaneously in the models.
The nonlinear component contribution was not tested in these models. The coefficients from linear models of the log-transformed exposures were thus not reported. All models were adjusted for HOME score, breastfeeding duration, mothers' IQ, school, maternal education level, psychologist testing the child, creatinine levels of mother and child.
a DAP models also adjusted for: disturbances during testing b DM models also adjusted for: disturbances during testing, parity, season of urine collection, maternal fruit and vegetable consumption, and child's sex.
c DE models also adjusted for: maternal fish intake. (Bradman et al. 2005 ; the table reports the urinary DAP concentrations measured in the prenatal sample no.1 collected at the beginning of pregnancy, as in the PELAGIE cohort)
c MOUNT SINAI cohort is the Mount Sinai Children's Environmental Health Study (Engel et al. 2011) d HOME cohort study (Yolton et al. 2011 ; Average of the measurements of two urine samples collected at 16
weeks of gestation and 26 weeks of gestation) Figure S1 . Models were adjusted for HOME score, breastfeeding duration, mothers' IQ, school, maternal education level, psychologist testing the child, creatinine levels of mother and child, parity, season of urine collection, maternal alcohol use at inclusion, and disturbances during testing DM p-value overall association=0.43, non linear component=0.66 p-value overall association=0.70, non linear component=0.42
Models were adjusted for HOME score, breastfeeding duration, mothers' IQ, school, maternal education level, psychologist testing the child, creatinine levels of mother and child, parity, season of urine collection, maternal alcohol use at inclusion, disturbances during testing, marital status, maternal fruit and vegetable consumption, maternal fish intake, and child's sex.
